Background: Cardiothoracic (CT) ratio is a common measurement used to assess heart size in chest radiographs of pediatric patients, but no recent studies have analyzed the standards for CT ratios in very low birth weight (VLBW) infants.
Introduction
Cardiothoracic (CT) ratio is a common measurement used to assess heart size in chest radiographs of pediatric patients. However, a review of the literature shows that few studies have examined the CT ratio in neonates. In a previous study by Edwards et al., 1 CT ratios were calculated using four different thoracic measures in 411 patients to provide normal standards. Applying the most widely used thoracic measure, that of the widest internal width of the bony thorax, the mean CT ratio in 175 normal infants was 0.492. Because the 175 normal infants included in this study had a mean birthweight of 2643 g and a gestational age (GA) of 37.0 weeks, these CT ratio standards cannot be generalized to very low birth weight (VLBW) infants. In addition, no distinction was made between appropriate for GA (AGA) and small for GA (SGA) infants.
Clinical observation has suggested that SGA infants tend to have larger CT ratios compared to AGA infants. In response to this clinical finding, Bozynski et al.
2 evaluated CT ratios in 78 premature infants with birthweights 2000 g or less, 23 of whom had intrauterine growth retardation (IUGR) and 55 of whom were AGA. This study showed a strong association between increased CT ratio and growth retardation. Subsequently, additional studies have utilized ultrasonographic measurements to compare cardiac dimensions in SGA and AGA fetuses with differing results. Hill et al. 3 reported that growth retardation leads to inconsistent effects on cardiac circumference, whereas a study by Veille et al. 4 reported that IUGR fetuses have larger hearts than AGA fetuses. Most recently, Miyague and Ghidini 5 reported that they detected no differences in cardiac size between SGA and AGA fetuses. All three studies mentioned were based only on ultrasonographic examinations, not measurements made from chest radiographs.
The purpose of this study was (1) to provide improved standards for CT ratios measured from chest radiographs of VLBW (<1500 g) infants and (2) to compare CT ratios between SGA and AGA infants in this population.
Subjects and methods

Patients
All VLBW infants admitted to the Jacobi Medical Center NICU from January 2002 to October 2004 who had an anteroposterior supine chest radiograph taken within the first 24 h of life were eligible for this study. Exclusion criteria were multiple gestation, GA <24 weeks, major genetic anomalies and radiographs deemed unacceptable for analysis due to poor technique. The patients were classified as SGA (defined as birth weight <10th percentile based on GA) or AGA (defined as birth weight X10th percentile based on GA) using standard growth curves. 6 GA was based on obstetrical estimates and postnatal exams. A total of 54 patients were included in the study, 18 SGA and 36 AGA infants group-matched on the basis of birthweight and sex.
Radiographic measurements CT ratios were determined from anteroposterior supine chest radiographs taken within the first 24 h of life. The radiographs were reviewed in random order using a PACS system, with the reviewer blinded to the clinical status. For each radiograph, it was noted whether an endotracheal tube was present. CT ratios were calculated by dividing the cardiac size by the width of the thorax. Cardiac size was measured as the sum of the greatest extent of the cardiac silhouette to the left and right of the midline of the spine. The width of the thorax was obtained using two measures: (1) the widest internal width of the bony thorax and (2) the inner aspects of the eighth ribs.
Statistical analysis
In this analysis, the 18 SGA infants (cases) were group-matched to 36 AGA infants (controls) on the basis of birthweight and sex. This was accomplished using a computerized algorithm to ensure unbiased selection of controls. For variables that were normally distributed, these groups were compared using independent sample t-tests, and for variables that were non-normally distributed, these groups were compared using the Mann-Whitney test. Data were analyzed using the statistical software package S-plus 6 (Insightful Corp., Seattle, WA).
Results
Among the 980 infants admitted to the Jacobi Medical Center NICU during the study period (January 2002-October 2004), 189 had a birthweight <1500 g. Of these 189 infants, a total of 57 were excluded for the following reasons: 10 had no chest radiographs taken during the first 24 h of life, 40 were from multiple gestations, three had a GA <24 weeks, one had major genetic anomalies and four had radiographs exhibiting significant rotation and poor quality. There were 132 infants eligible for inclusion in the study. Of these, 18 infants were identified as being SGA. Therefore, a total of 54 patients were included in the study, the 18 SGA infants and 36 AGA infants group-matched on the basis of birthweight and sex. Table 1 shows the characteristics of the 54 infants included in the study. As a consequence of matching for birthweight, median GA of the SGA infants was significantly greater than the AGA infants (30 and 27 weeks, respectively; P<0.001). There were no significant differences between the two groups with respect to birthweight, sex, 1-min Apgar score, 5-min Apgar score and intubation status. The percentage of AGA infants who received surfactant (58%) was significantly greater than the percentage of the SGA infants (22%), with P ¼ 0.026. The percentage of SGA infants delivered by C-section (94%) was significantly greater than the percentage of AGA infants (47%), with P ¼ 0.001.
Applying the most widely used thoracic measure, that of the widest internal width of the bony thorax, CT ratios among SGA infants (0.523±0.012 (mean±s.e.)) were significantly larger than those among AGA infants (0.479±0.007), P ¼ 0.001. Similarly, applying the width of the thorax at the inner aspects of the eighth rib as the thoracic measure, CT ratios among SGA infants (0.602±0.015) were significantly larger than those among AGA infants (0.554±0.007), P ¼ 0.008 (Table 2 ). Of note, the CT ratios determined with this second thoracic measurement at the eighth rib were significantly greater than the CT ratios determined using the thoracic measurement at the widest margin of the bony thorax, with P<0.001. Using the widest internal width of the bony thorax for the thoracic measurement, five (28%) of the SGA infants had CT ratios >0.55, which was the maximum CT ratio measured in AGA infants in this study and is generally considered to be the upper limit of normal. There was no significant difference between the SGA and AGA groups with respect to the degree of inspiration.
Discussion
The purpose of this study was to obtain standards for CT ratios measured from chest radiographs of VLBW (<1500 g) newborn infants, and to compare CT ratios between SGA and AGA infants in this population. Regardless of which thoracic measure is used, VLBW SGA infants have larger CT ratios than VLBW AGA infants, suggesting that existing standards for CT ratios among AGA infants may be inappropriate for use among SGA infants. In addition, whereas a CT ratio of 0.55 is generally considered the upper limit of normal, five (28%) of the SGA infants had CT ratios >0.55. This finding supports the idea that it may be normal for SGA infants to have greater CT ratios than those of AGA infants. Similar results were reported by a previous study comparing CT ratios in 23 IUGR and 55 AGA infants. 2 The earlier study performed by Edwards et al.
1 used four different thoracic measurements to determine CT ratios and found that the lowest variation in CT ratio was observed when the width of the thorax was measured at either the inner margins of the eighth ribs or the maximal internal width of the bony thorax. In our study, the CT ratios measured at the inner margins of the eighth ribs (0.554) were consistently greater than the CT ratios at the widest margin of the bony thorax (0.479). The mean CT ratio using the thoracic width at the inner margins of the eighth ribs in AGA infants was 0.554, which is much greater than the value of 0.498 reported by Edwards. One potential reason for this difference could be that the patient population in this study had a substantially lower mean birthweight and GA than the patients included in the study performed by Edwards. Considering our results, the thoracic width in VLBW infants appears to be best measured at the widest margin of the bony thorax to be consistent with previous accepted measurements.
Although this study showed a strong association between SGA infants and increased CT ratios, the cause of this finding cannot be explained. While it may be due to primary cardiomegaly, it may also be due to a difference in the shape and growth of the thoracic cavity. If the increased CT ratio is due to primary cardiomegaly, there could be many different causes for this. Veille et al. 4 found increased cardiac size in fetuses of diabetic mothers as well as IUGR fetuses. It was suggested that the increased cardiac size in IUGR fetuses could be due to a 'sparing effect'. A study published by Leipala et al. 7 also found increased cardiac size in growth-restricted preterm infants and suggested that such findings may be due to in utero changes of peripheral vascular resistance in accordance with the 'brain-sparing' effect of IUGR. It has also been shown that maternal undernutrition from early-to mid-gestation leads to cardiac hypertrophy in fetal sheep. 8 Further study with GA-matched infants would be required to differentiate differences in cardiac and thoracic growth. Respiratory status has also been suggested as a possible variable affecting measured CT ratios, although it has not yet been systematically reviewed. This is unlikely to account for the differences in CT ratios observed in this study, as there was no significant difference between the SGA and AGA groups with respect to inspiratory levels. The presence of an endotracheal tube may also affect respiratory status, although the presence of assisted ventilation was not determined to significantly affect CT ratios in a previous study, 1 and there was no significant difference between percentage intubated AGA and SGA infants.
In conclusion, the mean CT ratio in VLBW newborns is significantly greater in SGA infants, group-matched to AGA infants on the basis of birthweight and sex. In addition, the CT ratios of infants in the VLBW population are most consistent with previous published measurements when the thoracic width is measured at the widest margin of the bony thorax. This suggests that existing standards for CT ratios among AGA infants may be inappropriate for use among SGA infants. The CT ratio is a clinically relevant measurement and a high ratio may trigger a workup for cardiomegaly in an otherwise normal SGA infant. Although the causes for these findings remain unclear, the methods and standards described here may lead to further investigation in this area.
